The reaction of 1,5,6-trimethyl-3-oxidopyrazinium with methyl methacrylate provides the first example of such a species reacting in a cycloaddition as a 2-azadiene [4+2], as opposed to a 1,3-dipole [3+2].
Introduction
We have been studying [1] [2] [3] [4] [5] the cycloaddition reactions of 3-oxidopyrazinium species 3 ('3,4-dihydro-3-oxopyrazinium, inner salts', according to Chemical Abstracts). These are very easily obtained from pyrazin-2-ones, 1 via regioselective quaternisation to give salts 2 which can be Ndeprotonated under very mild conditions to generate the oxidopyraziniums 3 (Scheme 1). 
Scheme 1
In our previous work we showed that species 3 react as 1,3-dipoles towards alkenes such as methyl acrylate generating 3,8-diazabicyclo[3.2.1]octanes, for example the 3-oxidopyrazinium 4 derived from 5,6-dimethylpyrazin-2-one reacted as a 1,3-dipole (red) (in the sense indicated by resonance contributor 4a) with the dipolarophile (blue) methyl acrylate to produce 6 3 via the presumed less stable, tautomeric initial adduct, 5 (Scheme 2). 
Scheme 2
In seeking to enlarge the number of examples of these cycloadditions, we prepared the much more hindered 3-oxidopyrazinium 7 and examined its reaction with methyl acrylate. The product 9, though derived from a comparable initial adduct 8, the apparent result of a 1,3-dipolar cycloaddition, clearly showed the effect of the greater encumbrance, in that this initial product underwent extensive rearrangement, initiated by hydrolysis, to form 9 (Scheme 3), presumably during work-up. 
Results and Discussion
We have now examined the reaction of methyl methacrylate with oxidopyrazinium 4. This is the first example of the use of a more hindered alkene with an oxidopyrazinium and the product, 12, the structure of which was determined by X-ray crystallography, proved to have been formed via a different mode of initial addition. Figure 1 shows two Chem3D representations of the structure of the product 12. We interpret (Scheme 4) the formation of structure 12 as involving firstly a Diels-Alder type cycloaddition in which the oxidopyrazainium acts as an azadiene (red) and the methacrylate as a dienophile (blue) generating structure 10. Intramolecular interaction between the ester carbonyl and the iminium carbon (arrows on 10) would then produce 11 from which the product would be derived by N-protonation and hydrolysis of the MeO + =C unit. 
Scheme 4
This result calls into question our previous assumption that the several 3,8-diazabicyclo[3.2.1]octane products we have identified [1] [2] [3] [4] [5] were formed by a 1,3-dipolar cycloaddition mechanism in parallel to that described in Katritzky's extensive studies 6 on 3-oxidopyridiniums (3-hydroxypyridinium, inner salts, according to Chemical Abstracts). The structures of these earlier 3-oxidopyrazinium adducts are not in question, being firmly established by spectroscopic and, in one case, X-ray crystallographic, methods. We suggest, in the light of the results presented in this paper, that it is now necessary to consider an alternative: that our 3, Experimental Section General Procedures. All commercial reagents were obtained from the Aldrich Chemical Co or BDH Chemicals. The reagents of analytical grade were used without purification. Solvents of General Purpose Grade (GPR) were distilled prior to use. Column chromatography was performed on silica gel 60-120 mesh. The melting point is uncorrected in degrees Celsius and was recorded on an Electrothermal Digital melting point apparatus. The IR spectrum was recorded on a Mattson 1000 FT spectrometer in the range of 4000 to 400 cm -1 . Carbon, nitrogen and hydrogen contents were obtained using a LECO 932 CHNS Mattson 1000 spectrophotometer. NMR spectra were recorded on a Bruker Spectrospin. Chemical shifts are reported in ppm relative to TMS as internal standard. Reactions were routinely monitored by thin layer chromatography on silica gel plates.
Compound characterization.
A solution of 2,4-dihydro-1,5,6-trimethyl-3-oxopyrazin-1-ium iodide (1.5 g, 5.6 mmol), Et 3 N (1.6 ml, 11.2 mmol, 2 equiv), and methyl methacrylate (1.52 ml, 16.8 mmol, 3 equiv) in dry MeCN (100 ml) was heated at reflux for 2 h. Solvents were removed from the resulting orange solution under vacuum, H 2 O (30 ml) was added and the product was extracted with CH 2 Cl 2 (3 x 30 ml). The combined dried extracts were evaporated leaving a reddish brown oil from which, by careful chromatography over silica, eluting with n-hexane:EtOAc (1:2) the lactone-lactam 12 (0.88 g, 59%) was obtained as reddish-brown plates. Table 1 . C (1) 6264 (2) 385 (2) 3327 (1) 30 (1) C (3) 4659 (2) 3135 (2) 3655 (1) 21 (1) C (4) 5957 (2) 4590 (2) 3434 (1) 30 (1) C (5) 3981 (2) 2222 (2) 4679 (1) 19 (1) C (6) 2117 (2) 2214 (2) 4256 (1) 19 (1) C (7) 408 (2) 2531 (2) 4642 (1) 24 (1) C (8) 2006 (2) 392 (2) 3894 (1) 19 (1) C (9) 2724 (2) 660 (2) 3225 (1) 21 (1) C (10) 1352 (2) 1926 (2) 2855 (1) 18 (1) C (11) 2557 (2) 3677 (2) 3760 (1) 18 (1) C (12) 2364 (2) 5573 (2) 4009 (1) 25 (1) N (1) 4598 (2) 1586 (2) 3246 (1) 
Supplementary Information Available
The cif describing the structure determination of compound 12 is available as supplementary information. The crystal data have been deposited at the Cambridge Crystallographic Data Centre with the deposition number CCDC 654470.
